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Abstract
In 2003, the U.S. Geological Survey, in cooperation with the Houlton Band of Maliseet Indians, sampled streambed sediments and surface water of the Meduxnekeag River watershed in northeastern Maine under various hydrologic conditions for nutrients, hydrophobic organic compounds, and mercury. Nutrients were sampled to address concerns related to summer algal blooms, and organic compounds and mercury were sampled to address concerns about regional depositional patterns and overall watershed quality. In most surface-water samples, phosphorus was not detected or was detected at concentrations below the minimum reporting limit. Nitrate and organic nitrogen were detected in every surface-water sample for which they were analyzed; the highest concentration of total nitrogen was 0.75 milligrams per liter during low flow. Instantaneous nitrogen loads and yields were calculated at four stations for two sampling events. These data indicate that the part of the watershed that includes Houlton, its wastewater-treatment plant, and four small urban brooks may have contributed high concentrations of nitrate to Meduxnekeag River during the high flows on April 23-24 and high concentrations of both organic and nitrate nitrogen on June 2-3. Mercury was detected in all three bed-sediment samples for which it was analyzed; concentrations were similar to those reported from regional studies. Notable organic compounds detected in bed sediments included p,p'-DDE and p,p'-DDT (pesticides of the DDT family) and several polycyclic aromatic hydrocarbons. Polychlorinated biphenyls (PCBs) and phthalates were not detected in any sample, whereas p-cresol was the only phenolic compound detected. Phosphorus was detected at concentrations below 700 milligrams per kilogram in each bed-sediment sample for which it was analyzed. Data were insufficient to establish whether the lack of large algal blooms in 2003 was related to low concentrations of phosphorus.
Introduction
The Houlton Band of Maliseet Indians (HBMI) lives in the Meduxnekeag River watershed near Houlton, Maine. HBMI is actively involved in land-and water-resource management programs to improve the quality of water in the Meduxnekeag River watershed. They have documented several seasonal problems with Meduxnekeag River and its tributaries, including high sediment loads during runoff events, occasional algal blooms, and increased concentrations of phosphorus during low flows (unpublished data on file with the HBMI). In response to these observations, HBMI and the U.S. Geological Survey (USGS) began a cooperative program to investigate the seasonal occurrence of nutrients in surface water and bed sediments of Meduxnekeag River. USGS hypothesized that nutrient-enriched sediments in the streams are the source of persistent phosphorus that feeds the algae during summer months. USGS and HBMI designed a study to investigate the relations among streamflow, water quality, and bed-sediment quality in the Meduxnekeag River watershed. Because of HBMI's concerns about regional depositional patterns and the effects of urbanization and agriculture on stream quality, mercury and hydrophobic organic compounds were included in the bed-sediment analyte list.
Purpose and Scope
This report presents surface-water and bed-sediment data and analysis from sampling efforts in the Meduxnekeag River watershed during the 2003 growing season. These data serve three purposes: (1) to establish a baseline of nutrient, organic compound, and mercury data that can be used in future studies; (2) to show the response of nutrient concentrations to changing seasons and flow conditions in 2003; and (3) to show spatial variations in bed-sediment chemistry during a single sampling event. Samples were collected from April 2003 to September 2003 to target spring runoff, summer storms, and summer low flows. Summary tables of field parameters, nutrients, organic compounds, suspended sediment, and mercury are presented, along with secondary data, including loads and yields. The data collected during this study are compared with those from a New England regional study so that they can be placed in a regional context. Because this study was conducted during a single open-water season, the results may not be representative of those that might occur during a longer study period. 
Soils
Thickness of unconsolidated deposits in the Meduxnekeag River watershed is variable. In general, the overburden is calcareous till derived from weathered bedrock (Thompson and Borns, 1985) . Much of the soil is classified as highly erodible or potentially highly erodible (U.S. Department of Agriculture, 1994) . Most of the arable soils are in agricultural production and the steep, stony, and poorly drained soils are in forests. Land surface is rolling, with hills reaching an elevation of 200 to 500 ft (feet) above valley floors.
Climate
Northeastern Maine is characterized by cold winters and short, warm summers. The growing season is 100 to 125 days. Average annual precipitation is about 39 in. (inches) (National Climatic Data Center, 1999) , which includes the water equivalent from 95 in. of snow. Average temperatures range from 12° F in January to 68° F in July.
Surface Water
Although precipitation is distributed fairly evenly throughout the year, most of the annual streamflow is spring snowmelt. Snowmelt runoff has been observed to cause severe erosion in late winter and early spring (Southern Aroostook County Soil and Water Conservation District, 1993) .
USGS maintains two streamflow-gaging stations in the study area ( fig. 2 ). Station 01018000, Meduxnekeag River near Houlton, was active from 1940 to 1982, during which time rating curves were established and periodic measurements of water temperature, specific conductance, and streamflow were made (appendix 1). Station 01018000 was reactivated in 2003, in cooperation with HBMI, for additional streamflow measurements and water-quality monitoring. The rating curves are on file with the USGS in Augusta, Maine. Of 56 measurements of streamflow on record at station 01018000, 35 are in spring months (March to May), with a median measured streamflow of 1,760 ft 3 /s (cubic feet per second). Median measured streamflow during the rest of the year was 101 ft 3 /s. Peak recorded flow at station 01018000 was 6,010 ft 3 /s on April 4, 1976, probably in response to snowmelt runoff. Mean daily flow at station 01018000 for the period of record, 1940-82 and 2003 , is shown in figure 3 , and mean and maximum monthly flows are shown in figure 4. Station 01017960, Meduxnekeag River above South Branch, was established in 2003 to provide Maine Department of Environmental Protection with streamflow data for total maximum daily load (TMDL) calculations. Because its period of record is short, streamflow statistics are not presented.
One municipality (Houlton, population 5,270 in 2000) and one industry (A.E. Staley Manufacturing, Inc.) have permitted outfalls to Meduxnekeag River (Maine Department of Environmental Protection, 1998a . Houlton's municipal wastewater outfall is just downstream from the city limits. The A.E. Staley plant, which processes food starch (Town of Houlton, 2004) , is adjacent to station 01017960 and upstream from the confluence of Meduxnekeag River with South Branch.
Most irrigation of agricultural fields is by withdrawals from Meduxnekeag River, including impoundments (Matthew Williams, University of Maine Extension, written commun., 2004). The demand for irrigation water, however, puts stress on aquatic habitat during low-flow periods (Aroostook Water and Soil Management Board, 1996) .
Several organizations have documented stream-waterquality problems in Meduxnekeag River. Maine Department of Environmental Protection sampled for total phosphorus and other indicators of stream quality and identified point sources that could be contributing to impairment of the river (Maine Department of Environmental Protection, 2000) . A consulting firm found that algal mats cover as much as 90 percent of the stream bottom during the summer at sites they monitored (William Ball, Acheron Engineering, Environmental & Geologic Consultants, written commun., 2001) . Fishconsumption advisories have been issued for Meduxnekeag River for elevated levels of the pesticide DDT in fish tissue (Maine Department of Environmental Protection, 2002) and for all Maine rivers because of elevated levels of mercury in fish tissue (Maine Department of Environmental Protection, 1998b) .
Ground Water
The most recent regional survey of ground water is reported in Prescott (1971) . Most wells surveyed by Prescott (1971) were used for domestic supplies of ground water, but other uses included commercial, industrial, and agricultural. Houlton Water Company (HWC) (2004) is the only municipal supplier of ground water in the study area, producing about 750,000 gal/d (gallons per day) from two well fields; this production is about 34 percent less than the daily volume produced in 1970 (Prescott, 1971 ).
Methods of Data Collection and Analysis
This study was designed primarily to assess the presence and transport of nutrients during seasonal flows and relate concentrations of nutrients to the presence of filamentous algal blooms in Meduxnekeag River during low-flow periods. To improve understanding of water quality in the Meduxnekeag River watershed, USGS collected samples for analysis of other constituents also. Suspended-sediment samples were collected at high and medium flows. Bottom sediments were collected from depositional areas along the river and tributaries during a low-flow period; these samples were analyzed for hydrophobic organic compounds, particle-size distribution, mercury, and phosphorus.
Site Selection
Five surface-water and four bed-sediment sampling stations were established for this study. Two stations-01017970 and 01018035-were established to monitor upstream and downstream concentrations in Meduxnekeag River ( fig. 2 and table 1 ) and provide estimates of concentration gradients along the stream reach. Station 01017970 is above the confluence of South Branch and Meduxnekeag River, and station 01018035 is at Lowery Road near HBMI headquarters north of Houlton. Two major tributaries, South Branch (01017980) and B Stream (01018010), were sampled frequently for estimates of inputs from adjacent areas. Bedsediment stations were established on smaller tributaries and station 01018015 (Meduxnekeag River at Highland Avenue); these stations were sampled to identify bed-sediment chemistry along the entire reach of the study area. Timing of sampling was designed to optimize the possibility of sampling a large range of flows and nutrient concentrations during the spring and summer months.
Sample Collection
Surface water and bed sediments were sampled during the spring and summer of 2003. Surface water was sampled in downstream order under stable flow conditions at one to four stations during eight sampling events and bed sediments were sampled at nine stations during a single 2-day event. Surfacewater sampling spanned 2 days in two events (April 23-24 and June 2-3, 2003) . The earliest samples were collected in April when snowmelt runoff was high. Samples were collected four times in the spring, four times during low flows in the summer, and one time during high flow in the summer. Dates and location of samples collected are presented in table 2.
Two protocols for sampling surface water were used. USGS used an equal-width increment method and a D-59, DH-48, or D-77 sampler (U.S. Geological Survey, variously dated); samples for nutrients and suspended sediment were split into bottles by use of a polyethylene churn splitter. Members of HBMI sampled surface water by a centroid-offlow method; samples were split by decanting from the grab bucket into bottles. Samples for dissolved nutrients (see table 2D, appendix 2) were filtered through 0.45-micron disk-or capsule-type filters, preserved as required, and chilled; wholewater samples were preserved, chilled, and shipped without Samples of the top 1 in. of bed sediment were collected and composited from multiple depositional zones across the stream at each site, mixed, and sieved through a 2-mm (millimeter) stainless-steel sieve (Shelton and Capel, 1994) . Backwater areas that might have represented only localized deposition were not sampled; instead, fine sediments were collected from behind small islands and (or) obstructions such as rocks. After collection and processing, sieved samples were stored in a refrigerator for a minimum of 3 days to allow the sediments to settle because the NWQL requires that each sediment sample have a minimal amount of water. The settled sediments were shipped to the NWQL as bed-sediment samples. Splits of the bed-sediment samples were analyzed for particlesize distribution by the IDSL.
Notes of field activities were kept during sample collection. Included in these notes were records of measured field values (water temperature, pH, dissolved oxygen concentration, and specific conductance), instrument calibrations, sampling techniques, conditions of the stream and weather, and number of bottles collected for analysis. Field notes are on file with the USGS in Augusta, Maine.
Discharge measurements were made at most stations during the April 23-24 and June 2-3 events. Measurements were used to calculate instantaneous loads of sediment and chemical constituents. During some sampling events, streamflow was estimated by use of stage measurements and application of established streamflow ratings. Of particular interest was the South Branch station (01017980). Streamflow could not be measured at South Branch because of the presence of rapids, but flow was estimated by subtracting streamflow at the Porter Settlement Road station (01017960, just above the confluence of South Branch and Meduxnekeag River) from streamflow at gaging station 01018000 (just below confluence of South Branch and Meduxnekeag River) under the assumption that South Branch provided the difference in streamflow. Gage height was recorded at gaging station 01018000 during sampling, and streamflow was estimated from the historical rating.
Sample Analysis
Chemical analyses of the samples collected for this study were done by the USGS NWQL in Lakewood, Colo. Samples for suspended sediment and particle-size distribution were analyzed at the USGS IDSL. Bed-sediment samples were processed through a 2-mm stainless-steel mesh sieve for analysis of organic compounds and through a 0.063-mm nyloncloth sieve for analysis of total mercury. Method references and reporting limits for analytes are presented in appendix 2.
Quality Assurance
Quality-assurance samples are designed to provide information on the bias and representativeness of samples. During this study, two types of quality-assurance samples, blanks and replicates, were collected. The blanks were collected by different organizations: USGS collected the blank on April 23 and HBMI collected the blank on July 7. Neither of the blanks contained detectable concentrations of the nutrients for which they were analyzed, indicating that sample results were not biased by equipment contamination or sampling method.
Nutrients, organic compounds, and mercury in Meduxnekeag River
Although a primary purpose of this study was to relate nutrient concentrations to the presence of algal blooms in Meduxnekeag River, no large algal mats were observed during the 2003 sample-collection period, possibly because of seasonal variations and flushing related to summer storm events. The data described in this section, therefore, will provide a baseline for future studies and are discussed in relation to various flow conditions and spatial distributions.
Surface Water
This section contains discussion about concentrations of suspended sediment and nutrients in surface water, physical properties of surface water, and estimates of nutrient loads and yields. Assumptions used in the estimates of nutrient loads and yields are described.
Suspended Sediment and Nutrient Concentrations
Concentrations of suspended sediment ranged from 7 to 18 mg/L (milligrams per liter) during April 23-24 (snowmelt runoff) and from 3.2 to 10 mg/L during June 2-3 (table 3) . Suspended-sediment concentrations in samples decreased between the two events. During both sampling events, concentrations of suspended sediment were higher in samples from downstream locations than from upstream locations. (table 5) . Meybeck (1982) , as reported in Hem (1992) , estimated that naturally occurring dissolved phosphorus in river water should average about 0.025 mg/L. Concentrations of dissolved (filtered) phosphorus in Meduxnekeag River and tributaries were 0.004 to 0.012 mg/L, with highest concentrations in samples from South Branch and Lowery Road (table 4). Peak concentrations of phosphorus were observed for all stations on July 24 (the concentration in the sample from B Stream was estimated).
Data collected during this study indicate that Meduxnekeag River and tributaries were not seriously impaired during 2003 with respect to depletion of dissolved oxygen. Dissolved oxygen generally was near saturation, above 9 mg/L, during daylight hours when the samples were collected (table 6) . Data on file with HBMI indicated reductions in dissolved oxygen during early morning or night hours when the photosynthetic production of aquatic plants is minimal but respiration is high (David Joseph, Houlton Band of Maliseet Indians, oral commun., 2002).
Measured pH was near neutral for all samples at all locations (table 6). The lowest pH recorded, 6.3, was measured during snowmelt runoff. During the rest of the spring and summer, pH was between 7.0 and 8.0.
In general, specific conductance increased at each station during the summer. The inverse relation between specific conductance and streamflow is common (Hem, 1992) . Specific conductance was less at the B Stream station (01018010) than at the other three sampling stations.
Nutrient Loads and Yields
Instantaneous phosphorus load during the April 23-24 event was estimated as the sum of waterborne, filtered, total phosphorus (table 4) and phosphorus adsorbed to suspended sediment. Oliver and others (1999) showed that mechanisms of phosphorus adsorption to bed sediments and suspended PL ss = Ss * P ss * Q * C ss ,
where Ss is the concentration of suspended sediment (mg/L), P ss is the concentration of phosphorus adsorbed to suspended sediment (mg/kg (milligrams per kilogram)), Q is the flow rate (ft 3 /s), and C ss is a unit-conversion factor of value 2.447 x -6 . Waterborne phosphorus load (PL w , in kg/d) is calculated from a similar equation:
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where P w is the concentration of phosphorus in water (mg/L) and C w is a unit-conversion factor of value 2.447. If it can be assumed (a) that phosphorus binds to suspended sediment at about the same concentrations as to bed sediment (that is, in the range of 200-600 mg/kg, table 7) and (b) the concentrations of phosphorus in bed sediment in July, when bed sediment was sampled, were representative of those at other times the year, then at Lowery Road (01018035) Instantaneous phosphorus load during high flow, then, was about 210 kg/d, of which 89 percent was not bound to suspended sediment. Similar analyses were done for stations at Porter Settlement Road, South Branch, and B Stream on April 23-24; using estimated concentrations of total phosphorus equal to one-half the detection limit (Hornung and Reed, 1990) (table 4), instantaneous phosphorus loads were from 43 to 71 kg/d, of which 86 to 93 percent were not bound to suspended sediment.
Nitrogen loads and yields in surface water also were estimated similarly to phosphorus loads and yields; these estimates did not include sediment-bound nitrogen loads because nitrogen concentrations in sediment were not measured during the study. In these calculations, it was assumed that nitrogen concentrations were conservative and did not account for any in-stream processes that can affect nitrogen concentrations, such as plant uptake and denitrification. Instantaneous loads of organic nitrogen and NO 3 were calculated by an equation analogous to equation 2 for the April 23-24 and June 2-3 sampling events (table 8) - 
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-20.37 
The Houlton area includes Houlton's wastewater-treatment facility and Pearce, Jimmy, Cook, and Smith Brooks ( fig. 2 ).
During the April 23-24 event, combined loads of organic and NO 3 nitrogen at Porter Settlement Road (01017970), South Branch (01017980), and B Stream (01018010) were about 83 and 67 percent, respectively, of the loads at Lowery Road (01018035), whereas combined streamflow at the three upstream stations was about 81 percent of the streamflow at Lowery Road and combined drainage area about 86 percent. By equation 3, 33 percent of the NO 3 load at Lowery Road came from the Houlton area, which represents 14 percent of the total drainage area. These data indicate that the Houlton area contributed high concentrations of NO 3 to Meduxnekeag River at Lowery Road during the high flows on April 23-24.
During the June 2-3 sampling event (using streamflows measured on June 4), the same subwatersheds contributed 67 and 70 percent of the loads of organic and NO 3 nitrogen, respectively, to Lowery Road but 87 percent of its streamflow (table 8, figure 6 ). At medium flow, then, the Houlton area contributed high loads of both organic and NO 3 nitrogen. Minimally changing flow conditions during the 2 to 3 days of data collection may have affected the results of this analysis.
Nutrient yields are loads that are normalized for drainage area. Because drainage area frequently is a primary contributor to streamflow (see, for example, Dudley, 2004) , this normalization process provides estimates of the contribution of nutrients from a subwatershed that are not dependent upon the size of the stream or its watershed. Nitrogen yields were higher on April 23-24 than on June 2-3 (table 8) . During the April 23-24 event, total nitrogen yields were lowest at the South Branch station, whereas during the June 2-3 event, yields were lowest at the Porter Settlement Road station. During both events, total nitrogen yields at B Stream were similar to those from the entire watershed, as measured at Lowery Road, and organic nitrogen yields at B Stream were greatest. Research has shown that nitrogen yields often are higher in early spring than during other times of the year Station identifier (Figure 2 because of high runoff volumes from snowmelt (Kaushal and Lewis, 2003; U.S. Geological Survey, 1999) .
Bed Sediments
Bed sediments were sampled at three main-stem stations (01017970, 01018015, and 01018035) and selected tributaries to infer potential nutrient flux from sediments to Meduxnekeag River. Fine-grained bed sediments were uncommon in the river. U.S. Department of Agriculture classifies particles with diameters less than 0.002 mm as clays, particles with diameters from 0.002 mm to 0.05 mm as silts, and particles with diameters from 0.05 mm to 2 mm as sands (Hillel, 1982) . Sediments at all three stations were classified as sands, containing more than 95 percent particles greater than 0.063 mm diameter (table 9). Chemicals such as nutrients and organic compounds generally bond readily to clays because of their electrochemical nature and available surface area; in comparison to clays, sands and silts are relatively inert. Because of the high percentage of sand present in samples, the sediments at the seven sampling stations probably do not retain chemicals at concentrations as high as those that might be found in silty or muddy streams.
Phosphorus was detected in all nine bed-sediment samples at concentrations from 180 to 660 mg/kg (table 7) . The lowest concentration was in the sample from South Branch, whereas the highest concentrations-2 to 3 times as high as the others-were in the samples from the small tributaries of Pearce, Jimmy, Cook, and Smith Brooks (which were not analyzed for particle-size distribution). Given that streambeds in the study area contain generally large-diameter sands, which are less mobile than silts and clays, and that the brooks each have small drainage basins (table 1), phosphorus may accumulate in the sediments of these tributaries because of insufficient scouring events.
According to recent studies, phosphorus concentrations in bed sediments of Meduxnekeag River generally were lower than those in sediments of rivers nearby. Median concentrations of phosphorus in sediments of the lower Charles and upper Mystic Rivers in Massachusetts were 1,500 mg/kg and 1,200 mg/kg, respectively (Breault and others, 2000; Breault and others, 2004) . The relatively low concentrations of phosphorus in sediments of Meduxnekeag River, combined with the high concentrations of dissolved oxygen observed throughout the study, inhibited the release of phosphorus from the streambed. If release of phosphorus from sediments is a source of nutrients that supports algal blooms, as presented as a working hypothesis in the introduction to this report, the optimal conditions for this to occur were not observed during the summer of 2003.
Concentrations of mercury and carbon in bed sediment decreased with distance downstream from Porter Settlement Road (01017970). Mercury was detected in all three bed-sediment samples for which it was analyzed at concentrations from 0.06 to 0.2 µg/g (table 10, Bed-sediment samples did not contain detectable concentrations of PCBs or phthalate esters (table 10). The only phenolic compound detected was p-cresol, at concentrations ranging from 130E to 140E µg/kg (micrograms per kilogram). Metabolites of the DDT pesticide family, p,p'-DDE and p,p'-DDT, were detected in samples from Porter Settlement Road and Highland Avenue at concentrations from 4 (estimated) to 13 µg/kg. No other pesticides were detected. Fish-consumption advisories for DDT in Meduxnekeag River have been issued (Maine Department of Inland Fisheries and Wildlife, 2003) .
Polycyclic aromatic hydrocarbons (PAHs) detected in bed-sediment samples included pyrene, fluorene, fluoranthene, naphthalene, phenanthrene, anthracene, and many of their derivatives (table 10). The sum of concentrations of PAHs in the sample from Highland Avenue (01018015) was nearly three times as high as that in the sample from Porter Settlement Road and nearly four times as high as that in the sample from Lowery Road ( fig. 8) , possibly reflecting the proximity of Highland Avenue to urban processes that generate many of these organic compounds. The eight highest concentrations of µg/kg <300 <300 <300 <100 2,4-Dinitrotoluene µg/kg <300 <300 <300 <100 2,6-Dinitrotoluene µg/kg <300 <300 <300 <100 Isophorone µg/kg <300 <300 <300 <100 2,2'-Biquinoline µg/kg <300 <300 <300 <100 Quinoline µg/kg <300 <300 <300 <100 Phenanthridine µg/kg <300 <300 <300 99 Isoquinoline µg/kg <300 <300 <300 <100 9,10-Anthraquinone µg/kg E130 320 E60 490 2-Chloroethoxymethane µg/kg <300 <300 <300 <100 Nitrosodipropylamine µg/kg <300 <300 <300 100 Nitrosodiphenylamine µg/kg <300 <300 <300 <100 1,2,4-Trichlorobenzene µg/kg <300 <300 <300 <100 1,2-Dichlorobenzene µg/kg <300 <300 <300 <100 1,3-Dichlorobenzene µg/kg <300 <300 <300 <100 1,4-Dichlorobenzene µg/kg <300 <300 <300 <100 Azobenzene µg/kg <300 <300 <300 <100 Nitrobenzene µg/kg <300 <300 <300 <100 Pentachloronitrobenzene µg/kg <300 <300 <300 <100 PAHs-fluoranthene, pyrene, chrysene, phenanthrene, benzo(a)anthracene, benzo(a)pyrene, benzo(k)fluoranthene, and benzo(b)fluoranthene-were in the sample from Highland Avenue. PAHs are thought to be derived primarily from anthropogenic sources such as municipal incineration or other combustion processes, although some are manufactured directly and are used in dye and (or) plastics manufacturing (Smith and others, 1988) . Some PAHs of low molecular weight, such as naphthalene and acenaphthene, are known to degrade rapidly, whereas other PAHs of high molecular weight, such as fluoranthene, chrysene, and anthracene, are resistant to biodegradation (Smith and others, 1988) . PAHs have low solubilities and partition strongly to sediment organic matter. Larsen and others (1983) found concentrations of benzo(a)pyrene (maximum 805 µg/kg) , benzo(k)fluoranthene (193 µg/kg), and acenaphthene (1,150 µg/kg) in samples from Casco Bay, Maine.
Comparisons with Data from Other Studies
The data collected during this study were compared with those of the New England Coastal Basins (NECB) National Water Quality Assessment (NAWQA) study. The NECB NAWQA collected water-and bed-sediment-quality data at nine fixed stations, eight in Massachusetts and one in Maine (Campo and others, 2003) . NAWQA data from station 01049265 (Kennebec River at North Sidney, Maine) were used for in-state comparisons in this report, whereas data from station 01095220 (Stillwater River near Sterling, Mass.) were used for land-use comparisons because land use in the Stillwater River watershed (forestry and agriculture) is similar to that in the Meduxnekeag River watershed. All NECB NAWQA data are available on the World Wide Web at URL http://nh.water.usgs.gov/CurrentProjects/nawqa/sw.htm.
Low concentrations of suspended sediment in samples from Meduxnekeag River watershed were similar to those in samples from Stillwater and Kennebec Rivers, but high concentrations were not as great as those in samples from Stillwater and Kennebec Rivers (table 11) . In samples from all three watersheds, however, highest concentrations of suspended sediment were measured in April, probably in relation to snowmelt runoff.
Summary statistics of nutrient concentrations in samples from the three rivers are in table 12. Phosphorus concentrations in samples from Kennebec River were higher than those in samples from Stillwater and Meduxnekeag Rivers. Nitrogen concentrations in samples from Kennebec and Stillwater Rivers were similar, whereas those in samples from Meduxnekeag River (total nitrogen) generally were higher than both.
The NECB NAWQA study collected 63 samples for mercury in bed sediment at 56 stations. Mercury concentrations were 0.01 to 3.11 µg/g and the median concentration was 0.12 µg/g. Concentrations higher than 0.2 µg/g, which was the maximum concentration detected in the Meduxnekeag River watershed during this study, were found in about one-third of the NAWQA samples (Campo and others, 2003) .
The NECB NAWQA study also sampled for organic compounds in bed sediment at 14 stations. Four pesticides (p,p'-DDD, nonachlor, chlordane, and dieldrin), three phthalates, and phenol were found in bed sediments during the NAWQA study but were not found in bed-sediment samples during this study. Concentrations of p-cresol detected during the NAWQA study were higher than those detected during this study, but concentrations of all other organic compounds were similar in both studies.
Summary and Conclusions
Seasonal problems have been documented with Meduxnekeag River and its tributaries, including high sediment loads during runoff events, occasional algal blooms, and increased phosphorus concentrations during low flow. In response to these problems, U.S. Geological Survey, in cooperation with the Houlton Band of Maliseet Indians, studied the quality of surface water and bed sediments in the Meduxnekeag River watershed, Maine in 2003. The primary purpose of the study was to investigate the source of nutrients that may contribute to algal blooms in Meduxnekeag River during summer months of low flow. Surface water and bed sediments were sampled for nutrients, hydrophobic organic compounds, total carbon, and mercury during the spring and summer of 2003. Nitrate (NO 3 ) and organic nitrogen were detected in stream-water samples at concentrations from 0.04 (estimated) to 0.50 mg/L (milligrams Table 11 . Range of suspended-sediment concentrations in samples from three New England rivers, 1998 England rivers, -2003 . Total instantaneous phosphorus load during high flow (April 23-24) was estimated to be 211 kg/d (kilograms per day) at Lowery Road, of which 89 percent was in water and 11 percent bound to suspended sediment. At the B Stream (01018010), South Branch (01017980), and Porter Settlement Road (01017970) stations, total instantaneous phosphorus loads were from 43 to 71 kg/d, of which 86 to 93 percent were in water.
Drainage areas of B Stream, South Branch, and Meduxnekeag River above Porter Settlement Road include 86 percent of the drainage area at Lowery Road; however, loads of total, organic, and NO3 nitrogen at those stations on June 2-3 were equal to only 68, 67, and 70 percent of the total, organic, and NO3 nitrogen loads, respectively, observed at Lowery Road. These and other data indicate that the part of the watershed that includes Houlton and several small urban brooks contributed high concentrations of nitrate to Meduxnekeag River during the high flows on April 23-24 and high concentrations of both organic and nitrate nitrogen on June 2-3. On a per unit area basis, B Stream contributed more organic nitrogen to Meduxnekeag River at Lowery Road than either South Branch or Meduxnekeag River above Porter Settlement Road.
Samples of bed sediments from nine stations along the river were analyzed for phosphorus; concentrations were from 180 to 660 mg/kg (milligrams per kilogram), with highest concentrations in samples from small tributaries to Meduxnekeag River. In comparison with data from studies in Massachusetts, the observed concentrations of phosphorus from the Meduxnekeag River watershed during this study were low. These low concentrations of phosphorus, combined with high concentrations of dissolved oxygen observed throughout the study, restricted release of phosphorus from sediments during 2003. No large algal blooms were observed in the study area during 2003, but a cause-and-effect relation between the impedance of phosphorus release from bed sediments and the lack of large algal blooms could not be established from the data.
Samples of bed sediment from three main-stem stations were analyzed for hydrophobic organic compounds, mercury, and total organic and inorganic carbon. Concentrations of mercury ranged from 0.06 to 0.2 µg/g (micrograms per gram). Bed-sediment samples from the three stations did not contain detectable concentrations of polychlorinated biphenyls (PCBs) or phthalates. The only phenolic compound detected was pcresol. Metabolites of the pesticide DDT were detected in two of the three samples in concentrations as high as 13 µg/kg. Highest concentrations of polycyclic aromatic hydrocarbons were in the sample from Meduxnekeag River at Highland Avenue in Houlton (01018015).
Results of this study in the Meduxnekeag River watershed were compared to those of the New England Coastal Maine, 1998 Maine, -2003 [N, nitrogen; P, phosphorus; E, estimated; <, less than; <, less than or equal to; n, number of samples. Basins study of the National Water-Quality Assessment (NECB NAWQA). Phosphorus concentrations in samples from Meduxnekeag River were lower than those in samples from Kennebec River, Maine, but similar to those in samples from Stillwater River, Massachusetts. Nitrogen concentrations, however, generally were higher in samples from Meduxnekeag River than those in samples from Kennebec and Stillwater Rivers. About one-third of the concentrations of mercury in bed-sediment samples collected during the NECB NAWQA were higher than 0.2 µg/g, which was the maximum concentration detected during this study. Four pesticides, three phthalates, and phenol were found in bed-sediment samples during the NECB NAWQA study but were not found in bed-sediment samples during this study. Concentrations of most organic compounds found in both studies were similar.
Although a goal of the study was to relate the quality of the river to the presence of algal blooms, no large algal blooms were observed in the study area during spring and summer 2003. Concentrations of phosphorus in surface waters of Meduxnekeag River were lower than those detected in the NECB NAWQA study. It may be that the algae growth was less in 2003 than that observed in previous years because phosphorus concentrations were relatively low. 
